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SYSTEMATIC REVIEW AND META-ANALYSIS

Drug-Coated Balloon Versus Plain Balloon
Angioplasty for Hemodialysis Dysfunction:

A Meta-Analysis of Randomized Controlled
Trials
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BACKGROUND: Both drug-coated balloon (DCB) angioplasty and conventional plain balloon angioplasty (PBA) can be imple-
mented to treat hemodialysis dysfunction. The present study aims to compare the safety and efficacy of these 2 approaches
by conducting a meta-analysis of available randomized controlled trials.

METHODS AND RESULTS: PubMed, Cochrane Library, and Embase databases were queried from establishment to January
2021. A total of 18 randomized controlled trials including 877 and 875 patients in the DCB and PBA groups, respectively, were
included in the present meta-analysis. Target lesion primary patency, circuit patency, target lesion revascularization, and mor-
tality were pooled. Odds ratios (ORs) were reported with 95% Cls. Publication bias was analyzed with funnel plot and Egger
test. Target lesion primary patency was higher among patients who underwent DCB (OR, 2.93 [95% Cl, 2.13-4.03], P<0.001
at 6 months; OR, 2.47 [95% ClI, 1.53-3.99], P<0.001 at 1 year). Also, the DCB group had a higher dialysis circuit patency at
6 months (OR, 2.42; 95% CI, 1.56-3.77 [P<0.001]) and 1 year (OR, 1.91; 95% ClI, 1.22-3.00 [P=0.005]). Compared with the
PBA group, the DCB group had lower odds of target lesion revascularization during follow-up (OR, 0.43 [95% ClI, 0.23-0.82)],
P=0.001 at 6 months; OR, 0.74 [95% CI, 0.32-1.73], P=0.490 at 1 year). The OR of mortality was comparable between 2
groups at 6 months (OR, 1.18; 95% ClI, 0.42-3.33 [P=0.760]) and 1 year (OR, 0.93; 95% ClI, 0.58-1.48 [P=0.750]).

CONCLUSIONS: Based on evidence from 18 randomized controlled trials, DCB angioplasty is superior to PBA in maintaining
target lesion primary patency and circuit patency among patients with dialysis circuit stenosis. DCB angioplasty also reduces
target lesion revascularization with a similar risk of mortality compared with PBA.
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can be attributed to chronic kidney disease.!

Hemodialysis via arteriovenous fistula (AVF) and
arteriovenous graft (AVG) is a life-sustaining measure
for patients with renal failure. However, vascular ac-
cess dysfunction, mainly caused by stenosis, is the
most frequent complication preventing hemodialy-
sis and is associated with mortality and morbidity.>*

Approximately 1.2 million global annual deaths

According to the Kidney Disease Outcomes Quality
Initiative’s clinical practice guideline, angioplasty can
be implemented as the primary treatment for hemo-
dialysis access stenosis.> While traditional plain bal-
loon angioplasty (PBA) can expand the stenotic vessel
lumen via mechanical dilation, drug-coated balloon
(DCB) angioplasty has been proven effective in pro-
longing patency rate in patients with coronary artery
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CLINICAL PERSPECTIVE
What Is New?

The present meta-analysis compared the safety
and efficacy of drug-eluting balloon and plain
balloon angioplasty in treating hemodialysis ac-
cess dysfunction based on 18 randomized con-
trolled trials.

e Drug-eluting balloon angioplasty is superior
to plain balloon angioplasty during short-term
follow-up regarding target lesion patency, cir-
cuit patency, and target lesion revascularization
rates with a similar mortality profile.

What Are the Clinical Implications?

e Using drug-eluting balloon in treating hemo-
dialysis access dysfunction may reduce the
requirement of reintervention and its related
healthcare cost compared with plain balloon
angioplasty in the short-term.

e Existing clinical trials are encouraged to publish
long-term results to compare the safety of drug-
eluting balloon and plain balloon angioplasty.

e Future large and less heterogeneous rand-
omized controlled trials are warranted.

Nonstandard Abbreviations and Acronyms

AVF arteriovenous fistula
AVG arteriovenous graft

DCB drug-coated balloon

PBA plain balloon angioplasty
TLPP  target lesion primary patency
TLR target lesion revascularization

disease and peripheral artery disease (PAD), owing to
the coating agent’s inhibition of cell proliferation and
reduced neointimal hyperplasia.®”’

In the past decade, the use of DCB has also
gained popularity in the treatment of hemodialysis
failure. However, despite promising results in retro-
spective comparative studies, randomized controlled
trials (RCTs) comparing DCB and PBA have demon-
strated conflicting results.®® Based on a previous
meta-analysis of RCTs by Liao et al in 2020, despite
a trend favoring DCB over PBA, there was no statisti-
cally significant difference in efficacy as measured by
patency rates between DCB and PBA, which might
be attributed to underpowering.”® Nonetheless, sev-
eral new high-quality RCTs have been published since
then.®''2 The aim of the present study is to perform
an updated meta-analysis of RCTs by expanding the
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sample size of data comparing the therapeutic efficacy
and safety of DCB and PBA in treating hemodialysis
access failure.

METHODS

The authors declare that all supporting data are availa-
ble within the article and its online supplementary files.
Because the present study is a systematic review and
meta-analysis, institutional review board approval was
not required.

Searching Strategy and Study Screening
MEDLINE, Embase, and Cochrane Library were que-
ried from establishment to January 2021 without lan-
guage restrictions. RCTs comparing DCB and PBA in
hemodialysis were identified with keywords (“eluting”
OR “coated”) AND (“dialysis” OR “hemodialysis”) AND
(“random” OR “randomized”) for PubMed, and “elut-
ing,” “coated,” “dialysis,” “randomized,” and “balloon”
for Cochrane.

The following inclusion criteria were adopted: (1)
RCTs comparing DCB and PBA in treating patients
with hemodialysis access failure; and (2) primary out-
comes were reported: target lesion primary patency
(TLPP), target lesion revascularization (TLR), circuit pa-
tency, and mortality. Exclusion criteria were as follows:
(1) non-RCT (case report, case series, retrospective
studies, nonrandomized prospective studies); (2) pre-
clinical experiments of nonhuman subjects; (3) review,
meta-analysis, editorial, commentary, or letter without
original data; (4) studies containing patient samples
used by more than 1 study; and (5) abstract or con-
ference paper without full text. Endnote X8 (Clarivate
Analytics) was implemented to identify duplicates
and screen studies. Titles and abstracts were initially
screened, followed by reviewing full texts of remaining
studies (Figure 1).

[T

Statistical Analysis

The following baseline set of information was extracted
from each study: author, year of publication, region,
sample size, race and ethnicity, age, number of AVF ver-
sus AVG, and length of follow-up. Quality assessment
was performed using the Cochrane Collaboration’s
tool for RCTs (Table S1). Two researchers screened
and extracted the data from the original studies. Any
disagreement was discussed and resolved by con-
sensus. Statistical analysis was performed with Stata
15.1 (STATA Corp.). Meta-analysis was conducted with
the -metan function. TLPP, TLR, circuit patency, and
mortality rates were analyzed with odds ratios (ORs)
and 95% Cls. I statistic was implemented to assess
heterogeneity. A random-effects model was adopted
to achieve a conservative estimate. Definitions of
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Records identified through Additional records identified
database (n = 183) through other sources
(n=1)
v v
Records after duplicates removed
(n=137)
) Meta-analysis: 18
Review: 15
Records screened based VR
il - Guideline: 2
onditle an1337 Steact Letter/Editorial: 13
(= ) Retrospective: 10
Irrelevant: 30
A
Full-text articles assessed Abstract-only: 27
for eligibility > Retrospective: 1
(n=49) No Primary Outcome was
not reported: 2
v
Studies included in meta-
analysis synthesis:
19 studies, 18 RCTs
Figure 1. Flow diagram of the screening process.

RCT indicates randomized controlled trial.

TLPP, TLR, and circuit patency of each study were
also extracted (Table S2). Forest plots were generated.
Publication bias was evaluated with funnel plot and
Egger test. Sensitivity analysis was performed using
the -metaninf function (the 1-study removal approach).

RESULTS

Baseline Characteristics

A total of 137 studies were subjected to screening after
removal of duplicates (Figure 1). Meta-analysis (n=18), re-
views (n=15), letters or editorials (n=13), society guide-
lines (n=2), retrospective studies (n=10), and irrelevant
studies (n=10) were removed. The resultant 49 studies
were further screened by full-text assessment to remove
publications without full text (n=27), retrospective studies
(n=1), and studies without primary outcomes of interest
reported (n=2), yielding 19 studies based on 18 unique

RCTs.21=28 A total of 877 and 875 patients in the DCB
and PBA groups, respectively, were included in the pre-
sent meta-analysis (Table 1). These studies were con-
ducted in the United States, Korea, China, Egypt, Spain,
Australia, Finland, Singapore, Belgium, Greece, Taiwan,
the Netherlands, and Canada. Ten studies focused only
on patients with AVF* 1 study solely included patients
with AVG,?! and 7 studies enrolled patients with both
AVF and AVG. Patency of dialysis access was evaluated
by Doppler ultrasounds, fistulogram, and physical ex-
amination. The commercial brands of balloons and their
respective paclitaxel doses are listed in Table 1.

Target Lesion Primary Patency

TLPP was reported by 12 studies at 6 months (Figure 2).
A total of 493 of 659 (74.8%) and 364 of 682 (53.4%)

*References 8,9,11,14,16,17,20,22,26,28,29.
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Table 1. Baseline Characteristics of Included Studies
Patency
evaluation
Study Region Age, y, mean+SD Patients, n AVF/AVG method Type/brand of balloon (coated vs standard)
Yin 202128 China DCB: 56+13 DCB: 78 AVF only Doppler Coated: APERTO (3.0 ug/mmZ)
PBA: 54+13 PBA: 83 ultrasound Plain: OHICHO Il HPBs (Kaneka Corporation;
Total: 161 RBP 20-22 atm)
Lookstein 2020 Multiple DCB: 65.8+13.1 DCB: 170 AVF only Duplex Coated: IN.PACT (Medtronic) (3.5 pg/mm?)
PBA: 65.5+13.4 PBA: 160 ultrasound Plain: (non—drug-coated) balloon
Total: 330
Kim 2020® Korea DCB: 60.7+12.2 DCB: 20 AVF only Angiogram Coated: IN.PACT Admiral, Medtronic
PBA: 63.7+11.8 PBA: 19 Plain: Mustang
Total: 39
Pang 2020%* China DCB: 58.1+8.93 DCB: 20 AVF: 28 Duplex Coated: IN.PACT Admiral (3.0 pg/mmg)
PBA: 57.4+6.9 PBA: 20 AVG: 12 ultrasound Plain: Medtronic Admiral balloon
Total: 40 (semicompliant)
Karmota 2020" Egypt DCB: 54.7+13.2 DCB: 30 AVF only Duplex Coated: Lutonix 035, Bard Peripheral Vascular
PBA: 49.2+11.5 PBA: 30 ultrasound Plain: unspecify
Total: 60
Moreno-Sanchez Spain 67.4+12.6 DCB: 70 AVF: 136 Doppler All initially treated with heparin (HPB) (Passeo
2020% PBA: 78 AVG: 12 Ultrasound 35 HP(R), Biotronik SE & Co. KG)
Total: 148 and/or Coated: Passeo-18 Lux(R) with BTHC
angiography hydrophobic excipient (Biotronik SE & Co. KG,
Berlin, Germany)
Plain: unspecified
Trerotola 202027 United States | N/A DCB: 141 AVF only Clinical Drug: 2 pg/mm? of paclitaxel (total dose, 0.5—
PBA: 144 3.77 mg depending on balloon)
Total: 285 Plain: control balloon of similar design but
without drug coating
Liao 2020'° China DCB: 70.4+10.6 DCB: 22 AVG only Angiogram Coated: IN.PACT Admiral DEB (Medtronic)
PBA: 65.9+15.9 PBA: 22 and transonic | Plain: Wanda (Boston Scientific), Mustang
Total: 44 examination (Boston Scientific), and Armada (Abbott)
Swinnen 201926 Australia DCB: 65.2+13.6 DCB: 70 AVF only Ultrasound Coated: IN.PACT Admiral/Pacific (Medtronic)
PBA: 64.5+13.9 PBA: 62 (3 pg/mm3)
Total: 132 Plain: uncoated angioplasty balloon of the
operator’s choice
Bjérkman 20198 Finland 67.2 DCB: 18 AVF only Ultrasound Coated: IN.PACT, Meditronic) (3.5 pg/mm? with
PBA: 18 urea as excipient)
Total: 36 Plain: unspecified
Irani 2018'® Singapore 59.2 (range, 25-83) DCB: 59 AVF: 98 Angiogram Coated: IN PACT Admiral DEB (Invatec/
PBA: 60 AVG: 21 Medltronic) (3 pg/mm? with irea as excipient)
Total: 119 Plain: conventional balloon
Maleux 201722 Belgium DCB: 69.3+14.9 DCB: 33 AVF only Physical Coated: IN.PACT Admiral; Invatec/Medtronic)
PBA: 66.9+17.0 PBA: 31 examination Plain: Admiral Extreme; Invatec/Medtronic)
Total: 64
Kitrou 20178 Greece DCB: 56.7 DCB: 20 AVF: 19 Angiogram Coated: IN.PACT (Invatec/Medtronic) (2 pg/
PBA: 57 PBA: 20 AVG: 21 mm?)
Total: 40 Plain: conventional balloon angioplasty
Kitrou 2015/ Greece DCB: 65.7+13.2 DCB: 20 AVF: 14 Angiogram Coated: IN.PACT (Invatec/Medtronic) (3 ug/
Katsanos 20121517 PBA: 62.5+15.4 PBA: 20 AVG: 26 mm?)
Total: 40 Plain: conventional balloon angioplasty
Kitrou 2015'° Greece 61+14.6 DCB: 20 AVF only Angiogram Coated: IN.PACT (Invatec/Medtronic) (2 pg/
PBA: 20 mm?)
Total: 40 Plain: high-pressure balloon
Lai 20140 Taiwan 67.2+9.4 DCB: 10 AVF only Angiogram Coated: Foxplus/Abott; Invatec/Medtronic)
PBA: 10 dose unspecified
Total: 20 Plain: unspecified
Roosen 2017 Netherlands | DCB: 80 DCB: 16 AVF: 29 Duplex Coated: Invatec/Medtronic, dose unspecified
(range, 71-86) PBA: 18 AVG: 5 ultrasound Plain: conventional balloon angioplasty
PBA: 83 Total: 34 (Sterling/Boston Scientific)
(range, 78-86)
Therasse 2020° Canada DCB: 63.5+12.6 DCB: 60 AVF: 109 Angiogram Coated: Passeo-18 Lux/Biotronik, dose
PBA: 66.6+12.6 PBA: 60 AVG: 11 unspecified
Total: 120 Plain: same type/brand without drug

AVF indicates arteriovenous fistula; AVG, arteriovenous graft; DCB, drug-coated balloon; N/A, not available; PBA, plain balloon angioplasty; and RBP, rated

burst pressure.
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. .
Target Lesion Primary Patency
Study Events, Events, %
D OR (85% CI) DCB PBA Weight
8-month
Irani 20182 —_— 2.71(1.17, 6.26) 48/50  37/80  10.05
Karmota 20204 3.22 (0.32. 32.89) 20/30 27/30 178
Kitrou 2015 EJR/Katsanos 2015 JET5: 17 —_— 7.00 (1.74, 28.17) 14/20 5/20 452
Kitrou 2017 JVIR'® L e — 3.18 (0.82, 12.34) 120 518 472
Lai 20142 ry 45.00 (2.01, 1008.75)  7/10 0/10 1.02
Liao 2020 '° 6.58 (1.22. 35.53) ar22 2721 322

Lookstein 2020"!

Subtotal (I-squared = 28.6%, p =0.164)

12-month

Moreno-Sanchez 2020 1.97 (0.99, 3.93) 5170 4578 1235
Pang 2020 >* 7.28 (1.34, 40.55) 18720 1120 3.5
Therasse 2020 ° 4.05(1.75.9.39) 4354 2857 087
Trerotola 2020 7 4 1.44 (0.86,2.41) 871124 85137  17.57
Yin 20212 3.17 (1.66, 6.04) 5178 3183 1398

3.16 (1.86, 5.36) 125/152 388/148 1717

2.03(2.13,4.03) 403/850 364/682 100.00

NOTE: Weights are from random effects analysis

Irani 20182 2.07 (0.99, 4.34) 30550 2080  18.07
Karmota 2020 ™ 4.50 (1.09, 18.50) 2730 200  7.95
Kitrou 2015 EJR/Katsanos 2015 JET 7 1023 (1.12.03.34)  7/20 120 306
Kitrou 2017 JVIR'® —_— 1.41 (021, 9.58) a0 218 503
1220142 6.18(0.26,146.78) 2110  0/10 200
Liao 2020"° — 207 (051, 17.42) 521 221 570
Moreno-Sanchez 2020 — 1.24 (0.65.2.37) 3770 3778 17.69
Pang 2020 2* 4233 (1.15, 16.32) 12120 20 8.68
Therasse 2020 ° 6.71 (259, 17.40) 20140 845 1282
Trerotola 2020 7 ~ 1.28 (0.76, 2.15) 46117 44131 2000
Subtotal (I-squared = 45.9%. p = 0.055) 247 (153.3.99) 109/416 140/433  100.00

cacee PBA

DCB wor

Figure 2. Target lesion primary patency after drug-coated balloon (DCB) angioplasty and plain balloon angioplasty (PBA).
Odds ratios (ORs) with 95% Cls were stratified by follow-up length (6 and 12 months).

lesions by DCB and PCA were patent, respectively, with
an OR of 2.93 (95% Cl, 2.13-4.03; P<0.001 [P=28.6%)).
Based on 10 studies at 12 months, the patency rate in
DCB and PCA groups were 199 of 416 (47.8%) and 140
of 433 (32.3%), respectively. The OR was 2.47 (95% Cl,
1.53-3.99; P<0.001 [P=45.9%)]). Funnel plots (Figure S1)
suggested possible publication bias at 6 months (Egger
test P=0.012) and 12 months (Egger test P=0.039).
For patients with AVF, the TLPP rates were 338 of 439
(77.0%) versus 258 of 458 (56.3%) at 6 months (OR,
2.94; 95% ClI, 1.77-4.89 [P<0.001]; P=52.7%) and 152
of 290 (52.4%) versus 116 of 308 (37.7%) at 12 months
(OR, 2.40; 95% Cl, 1.27-4.53 [P=0.007]; P=59.2%) for
the DCB and PBA groups, respectively (Table S3).

Dialysis Circuit Patency Rate

Dialysis circuit patency rate at 6 months was reported
by 9 studies including 510 and 518 patients treated with
DCB and PBA, respectively (Figure 3). The rate of circuit

J Am Heart Assoc. 2021;10:e022060. DOI: 10.1161/JAHA.121.022060

patency was 3590f 510 (70.4%) in DCB and 274 of 518
(62.9%) in PBA groups (OR, 2.42; 95% CI, 1.56-3.77
[P<0.001]; P=48.8%). Seven studies reported circuit pa-
tency at 12 months. A total of 137 of 318 (43.1%) and 100
of 322 (31.1%) patients had patent dialysis circuits, with
an OR of 1.91 (95% Cl, 1.22-3.00; P=0.005 [P=16.1%)).
Funnel plots did not suggest publication bias (Figure S1;
Egger test P=0.386 at 6 months and P=0.535 at 12
months). For the AVF subgroup, the circuit patency rates
were 288 of 428 (67.3%) versus 228 of 435 (52.4%) at 6
months (OR, 1.84; 95% Cl, 1.13—-2.99 [P=0.014]; =50.9%)
and 111 of 259 (42.9%) versus 90 of 264 (34.1%) (OR,
1.56; 95% Cl, 1.04-2.35 [P=0.032]; P<0.1%) at 12 months
for DCB and PBA groups, respectively (Table S3).

TLR Rate

Based on 9 studies, the TLR rate was 109 of 410
(26.6%) in patients with DCB and 175 of 395 (44.3%)
in patients with PBA at 6 months (Figure 4). The OR
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Circuit Patency
Study Events, Events, %
D OR (95% CI) DCB PCA  Weight
6-month
rani 2018" —_— 246 (1.12,5.40) 45/59 34/60 1462
Karmota 2020'* e 322(032,3289) 29530 2730 320
Kitrou 2015 EJR/Katsanos 2015 JET ' 17 * 743(178,31.08) 1320 4120 7.09
Kitrou 2015 JVIR'° * 350(0.94,1297) 1420 820 8.05
Lia0 2020 '° . 543(1.00,2961) 822 2121 545
Lookstein 2020 "' — 296(1.83,480)  M2/153 71143 2058
Maleux 2017 > 23 066(0.14,3.12) 2227 2023 625
Therasse 20209 —_—————— 2.96 (1.33, 6.59) 40/54 28157 14.41
Trerotola 2020 7 —— 114(070,187) 76125 80/139 2036
Subtotal (I-squared = 48.8%, p = 0.048) O 242(156,377) 3505510 274/518  100.00
12-month
Irani 2018‘3 —— 1.82 (0.86, 3.84) 27159 19/60 2568
Karmota 2020'* * 207(0.18,2415) 29530 28530 324
Kitrou 2015 JVIR"® - 335(0.32,3536) 3120 1120 351
Lia0 2020"° N 158 (0.24,10.60) 3721 221 527
Maleux 2017 22 1.00(0.26,3.80) 1421 12118 10.07
Therasse 2020° —_— 652(220,1933) 22149  5/45 1436
Trerotola 2020° —_— 142(0.82,247) 39118 33128 37.86
Subtotal (I-squared = 16.1%, p = 0.307) <> 191(122,3.00) 137318 100322  100.00
NOTE: Weights are from random effecis analysis
I I
0283 PBA + DCB 354

Figure 3. Circuit patency after drug-coated balloon (DCB) angioplasty and plain balloon angioplasty (PBA).
Odds ratios (ORs) with 95% Cls were stratified by follow-up length (6 and 12 months).

was 0.43 (95% Cl, 0.23-0.82; P=0.001 [=65.4%)).
Based on 8 studies at 12 months, the DCB group had
a TLR rate of 138 of 248 (55.6%), while PBA had a TLR
rate of 152 of 245 (62.0%). The OR was 0.74 (95% Cl,
0.32-1.73; P=0.4900 [P=67.1%)]). Funnel plot showed
symmetrical distribution (Figure S1; Egger test P=0.521
at 6 months and P=0.694 at 12 months). Based on
sensitivity analysis, the lack of statistical significance
at 12-month follow-up seemed to be the sequela of in-
cluding the study by Bjorkman et al, which draws con-
tradictory conclusions compared with all other studies
(Figure S2A). The removal of this outlier restored the
overall statistical significance, demonstrating a lower
TLR rate among patients treated with DCB (OR, 0.53;
95% Cl, 0.35-0.82 [P=0.004]; ’<0.1%) (Figure S2B). In
addition to the decrease in heterogeneity from 67.1%
to <0.1%, the P value of heterogeneity also increased
from 0.003 to 0.64. For patients with AVF, the TLR
rate was 86 of 352 (24.4%) versus 133 of 339 (39.2%)
(OR, 0.61; 95% ClI, 0.27-1.37 [P=0.232]; °=74.5%) at
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6 months and 94 of 191 (49.2%) versus 100 of 189
(62.9%) at 12 months (OR, 1.05; 95% CI, 0.37-3.00
[P=0.922]; I’=77.4%) for the DCB and PBA groups, re-
spectively (Table S3). After the study by Bjorkman et al
was removed (Figure S3), the TLR rate became 73 of
334 versus 128 of 321 at 6 months (OR, 0.38; 95% Cl,
0.24-0.59 [P<0.001]; P=21.2%) and 78 of 173 (42.5%)
versus 96 of 171 (65.2%) (OR, 0.58; 95% Cl, 0.36-0.91
[P=0.019]; ’<0.1%).

Mortality Rate

Mortality was reported by 7 studies at 6 months and
12 studies at 1 year (Figure 5). At 6 months, the mor-
tality rates were 17 of 324 (5.2%) and 14 of 309 (4.5%)
among patients who underwent DCB and PBA, re-
spectively. The OR was comparable at 1.18 (95% CI,
0.42-3.33; P=0.760 [’=35.7%]). Based on 12 studies at
12 months, the mortality rates were 38 of 563 (6.75%)
and 41 of 563 (7.28%) in the DCB and PBA groups,
respectively, with an OR of 0.93 (95% ClI, 0.58-1.48;
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T . . .
arget Lesion Revascularization
Study Events, Events, %
D OR (85% CI) ocs PBA Weight
8-month
Bjorkman 2010° —_———————— 6.76 (1.57. 20.07) 1218 518 0.53
Kim 2020'° 1.13(0.14, 8.04) 18720 1818 632
Kitrou 2015 EJR/Katsanes 2015 JET > 7 —_——————— 0.12 (0.03, 0.56) 420 1320 072
Kitrou 2015 JVIR® —_— 0.36 (0.10, 1.29) 7120 12/20 10.75
Kitrou 2017 JVIR'8 —_——— 0.27 (0.07. 1.04) o120 1520 1033
Lookstein 2020"! — 0.29 (0.17. 0.51) 251153 501148 1675
Roosen 20172 % 0.18 (0.03, 1.03) 1018 1418 7.82
Swinnen 2019%° B — 0.25 (0.1, 0.58) 183 2452 1424
Yin 202128 —_—— 0.71 (0.31, 1.50) 12778 17/83 1453
Subtotal (-squared = 65.4%, p = 0.003) <> 0.43(023.0.82) 108/410 1751285  100.00
12-month
Sjerkman 2019° + > 2800(443.17678) 1618 418 1058
Kim 2020'° —_— 1.08 (029, 4.01) 13120 12119 14.10
Kitrou 2015 EJR/Katsanos 2015 JET'> 17 + 0.08 (0.01, 0.71) 1220 1920 871
Kitrou 2015 JVIR'® _— 0.41 (0.00, 1.05) 1420 1720 1237
Kitrou 2017 JVIR'8 TS 0.50 (0.09, 4.01) 16/19 18120 10.10
Roosen 2017 2° % 0.53 (0.04. 8.51) 1618 1516 7.43
Swinnen 2019 2 ——1 0.48 (0.21. 1.08) 30555 3542 1770
Yin 20212 — 0.50 (0.20, 1.14) 2178 2283 18.82
Subtotal (-squared = 67.1%, p = 0.002) C> 0.74 (032, 1.73) 138248 1521245  100.00
NOTE: Weights are from random effects analysis
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Figure 4. Target lesion revascularization after drug-coated balloon (DCB) angioplasty and plain balloon angioplasty (PBA).
Odds ratios (ORs) with 95% Cls were stratified by follow-up length (6 and 12 months).

P=0.750 [’<0.1%)]). Funnel plots suggested low risk of
publication bias (Figure S1; Egger test P=0.064 at 6
months and P=0.727 at 12 months). Among patients
with AVF, the mortality rates were 12 of 254 (4.7%) ver-
sus 10 of 239 (4.2%) at 6 months (OR, 0.95; 95% ClI,
0.18-4.95 [P=0.950]; ’=54.7%) and 23 of 327 (7.0%)
versus 26 of 318 (8.2%) at 12 months (OR, 0.87; 95%
Cl, 0.48-1.59 [P=0.650]; °<0.1%) for the DCB and PBA
cohorts, respectively (Table S3).

Complications

Six studies reported procedure-related adverse effects
(Table S3). The cumulative incidence of complication
was 2.30% in DCB versus 4.35% in PBA (Table 2). The
incidence of each category of complication was <0.8%,
except for the hematoma rate in PBA (2%). The follow-
ing complications were pooled: vasospasm (0.77%
versus 0.51%), hematoma (0.26% versus 2.05%),
dissection (0.51% versus 0.77%), vein break (0.26%
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versus 0.77%), pseudoaneurysm (0.26% versus 0%),
drug allergy (0.26% versus 0%), and thrombosis arte-
rial embolism (0% versus 0.26%) between DCB and
PBA, respectively. The drug allergy that occurred in 1
patient with DCB was caused by an allergic reaction to
the contrast agent rather than paclitaxel, which subse-
quently induced a thrombosis event that occluded the
cephalic vein.

Outcomes Beyond 1-Year Follow-Up

Few studies have reported outcomes beyond a 1-year
follow-up (Figure S4). TLPP was analyzed by 3 stud-
ies at 18-month (DCB versus PBA: 43 of 146 [29.5%)]
versus 42 of 166 [25.3%)], P=0.496) and 2 studies at
24-month follow-up (9 of 104 [8.7%)] versus 10 of 119
[8.4%], P=0.634), respectively. Based on the 3 studies
at 18-month follow-up, 55 of 56 (98.2%) and 54 of 56
(96.4%) patients with DCB and PBA required TLR at
18 months (P=0.683), while 36 of 36 (100%) and 37
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Study Events, Events, %
ID OR (95% Cl) DCB  PCA  Weight
6-month
Bjorkman 2019° < ® 0.09(0.00,1.75) 0/18  4/18 10.27
Lookstein 2020" B — 285(0.76,10.71) 9/164  3/150 3297
Maleux 2017 0.97(0.18,519) 3/32 3131 2485
Therasse 2020° —_————— 1.27(0.32,4.99) 5/60 4/60 31.91
Kim 2020 (Excluded) 0720 0/20 0.00
Kitrou 2015 JVIR" (Excluded) 0720 0/20 0.00
Lai 2014* (Excluded) 0/10 0/10 0.00
Subtotal (I-squared = 35.7%, p = 0.198) P 1.18(0.42,333) 17/324 14/309 100.00
12-month
Bjorkman 2019° * 0.21(0.02,2.06) 1/18 4118 417
Irani 2018™ 1.02 (0.06, 16.65) 1/59 1/60 2.83
Kim 2020" 1.00 (0.06, 17.18) 1/20 1/20 273
Liao 2020"° 1.00 (0.06, 17.07) 122 1/22 274
Lookstein 2020" — 0.98 (0.45,2.10) 15/160 14/146 37.69
Maleux 2017% 1.00(0.19,539) 3/31 3131 779
Moreno-Sanchez 2020% —_—— 0.61(0.17,2.20) 4/70 7178 13.62
Roosen 2017% -+ 1.85(0.27, 12.76) 3/16 2/18 5.91
Therasse 2020° ————— 1.18 (0.34, 4.10) 6/59 5/57 14.21
Yin 2021% ———— 1.07 (0.21,5.45) 3/78 3183 8.30
Kitrou 2015 JVIR" (Excluded) 0720 0/20 0.00
Lai 2014% (Excluded) 0/10 0/10 0.00
Subtotal (I-squared =0.0%, p = 0.974) <> 0.93(0.58, 1.48) 38/563 41/563 100.00

NOTE: Weights are from random effects analysis
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Figure 5. Mortality after drug-coated balloon (DCB) angioplasty and plain balloon angioplasty (PBA).
Odds ratios (ORs) with 95% Cls were stratified by follow-up length (6 and 12 months).

of 38 (97.4%) underwent TLR at 24-month follow-up
(P=0.490). Two studies reported circuit patency rates
at 18-month follow-up with a pooled rate of 24 of 133
(18.0%) and 25 of 150 (16.7%) for the DCB and PBA
groups, respectively (P=0.689). According to 1 study,
no patient maintained circuit patency at 24-month fol-
low-up in either group. Based on 2 studies, the 2-year
mortality rates of DCB and PBA groups were 46 of 198
(23.2%) and 37 of 200 (18.5%) (P=0.367), respectively.

DISCUSSION

Based on data from 1752 patients included in the 18
RCTs selected, DCB is more effective than PBA in pre-
venting hemodialysis access failure after endovascular
recanalization. Overall, the DCB group demonstrated
more favorable TLPP, TLR, and circulation patency
rates (Figures 2 through 4). This observation aligns with
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previous evidence on the superior efficacy of DCB over
conventional balloons in treating PAD and coronary
artery disease.® In these settings, arterial stenosis re-
sulted from vascular remodeling and neointimal hyper-
plasia mediated by inflammation and smooth muscle
proliferation. Paclitaxel, a commonly used chemother-
apy agent for drug-coated balloons, inhibits smooth
muscle cell proliferation and thus reduces the risk of
restenosis following angioplasty.®'3? By contrast, in he-
modialysis access, a variety of factors including altered
postsurgical flow dynamics, shear wall stress from dial-
ysis, and venous arterialization renders venous outflow
as the accountable culprit for intimal proliferation and
stenosis.*334 While PBA intervention could exacerbate
this process by damaging the vessel wall through dila-
tation, paclitaxel, coated on the DCB surface, partitions
through the vessel wall, which, in turn, inhibits cellular
proliferation and prevents restenosis.®®
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Table 2. Pooled Incidence of Complications

Complication type DCB, n (%) PBA, n(%)
Vasospasm 3 0f 392 (0.77) 2 of 391 (0.51)
Hematoma 1 0f 392 (0.26) 8 of 391 (2.05)
Dissection 2 of 392 (0.51) 3 of 391 (0.77)
Vein break 1 0f 392 (0.26) 3 0f 391 (0.77)
Pseudoaneurysm 1 0f 392 (0.26) 0 of 391 (0.00)
Drug allergy 1 0f 392 (0.26) 0 of 391 (0.00)
TAE 0 of 392 (0.00) 1 0f 391 (0.26)
Total 9 of 392 (2.30) 17 of 391 (4.35)

DCB indicates drug-coated balloon angioplasty; PBA, plain balloon
angioplasty; and TAE, thrombosis arterial embolism.

In addition to the primary end points previously
mentioned, the efficacy of angioplasty should be eval-
uated by the number of angioplasties required to main-
tain patency, as repeated angioplasty results in higher
overall cost. In the study performed by Lookstein et
al, the average number of interventions required to
maintain access-circuit primary patency was signifi-
cantly lower in patients treated with DCB compared
with those treated with PBA (0.3 versus 0.6 reinterven-
tion per person, respectively; P<0.001)."" Similar results
were observed in the study by Katsanos et al (reinter-
vention rate: 20% versus 65%, P=0.002)." According
to Trerotola et al, respectively, the DCB group required
significantly fewer intervention than its PBA counter-
part at 3 months (11 versus 19, P=0.048), 6 months
(44 versus 64, P=0.034), and 9 months (75 versus 102,
P=0.021).2° Although the present meta-analysis did
not shed light on the difference in cost between DCB
and repeated angioplasty using PBA, the pooled re-
sults of TLPP, TLR, and circulation patency rates could
serve as a reference for future cost-effectiveness study
designs.

Although 18 RCTs have been published, mid-term
and long-term RCT results beyond 1-year follow-up
remain scarce. Trerotola et al observed TLLP rates
of 27% versus 24% (P=0.09) between DCB and PBA
groups, respectively, at 2 years,?® whereas Kim et
al reported rates of 55.0% and 57.0%, respectively
(P=0.90)."8 Only 1 to 3 studies from the present meta-
analysis reported a clinical outcome of interest beyond
1-year follow-up (Figure S4). Because of underpower-
ing, no statistically significant difference was observed
between the 2 treatment groups regarding TLPP, TLR,
circuit patency, and mortality rates. Critical analysis of
outcomes beyond 1-year follow-up was deferred in
the present meta-analysis because of the paucity of
data, although such information may aid power calcu-
lations for future large RCTs. Based on nonrandomized
comparative studies, pooled results from prior meta-
analyses suggested a higher TLPP among patients
with dialysis failure treated with DCB (P=0.009) at 24-
month follow-up,®® although the inherent selection bias
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in study design must be accounted for. Whether DCB
can provide a durable long-term patency rate over PBA
remains to be determined by large RCTs.

From a safety standpoint, both interventions ex-
hibited similar immediate complication rates (Table 2).
The difference of the rates of each complication cat-
egory was <2% between the 2 groups, which is clini-
cally insignificant. The mortality rate between patients
who received DCB and PBA were also comparable
at 6-month and 1-year follow-up (Figure 5). By con-
trast, a previously published meta-analysis of RCTs on
femoral PAD raised the concern that paclitaxel-coated
balloons and stents were associated with a higher mor-
tality rate,3” although the exact mechanism remained
unknown. Moreover, the previously published meta-
analysis study design was subject to fierce debate. The
risk of deaths among patients with PAD treated with
DCB did not manifest until 2-year follow-up, whereas
results from our study were limited to short-term (<1
year). Unlike patients with PAD, patients with renal fail-
ure requiring dialysis are more likely to succumb to the
nature of the disease, rendering long-term follow-up
data difficult. Based on the study by Trerotola et al, the
2-year mortality rates were comparable between the 2
groups (DCB versus PBA: 23% versus 18%, P=0.27).2°
According to a previous meta-analysis including retro-
spective evidence, no significant difference in mortality
was observed between the 2 groups at 2-year fol-
low-up.3® Publishing long-term survival results from the
existing RCTs included in the present meta-analysis
can be fundamental in determining the relationship be-
tween paclitaxel-coated balloons and mortality among
patients with hemodialysis failure.

Notably, sirolimus DCB and stents have recently
gained popularity because of the concern of paclitaxel-
related mortality among patients with PAD.%83° |tg
reported use in hemodialysis failure was limited to
noncomparative studies. Tan et al performed sirolimus
DCB angioplasty in 20 patients, achieving a 6-month
primary circuit patency rate of 65%, with a mean pa-
tency rate of 285 days (95% Cl, 194-376 days).”?
Although no study has compared sirolimus with pa-
clitaxel DCB in the use of hemodialysis access in pa-
tients, evidence from coronary artery interventions has
demonstrated comparable efficacy of sirolimus- and
paclitaxel-coated stents and balloons.*®*' As such,
future comparative studies are warranted to evaluate
their use in patients with hemodialysis access failure, if
DCB is truly deleterious to patients with hemodialysis
failure.

The results of the present meta-analysis should
be interpreted with caution. First, the measurement
of stenosis varied among institutions. In addition to
the percentage of stenosis, a variety of measuring
methods were adopted: ultrasound, angiogram,
clinical examination, or a combination of these.
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Nomenclature-wise, it is crucial for professional
society guidelines to unify the definition of clinical
outcomes. For example, TLPP refers to anatomical
stenosis below a certain threshold, as well as the
lack of requiring revascularization at target lesions,
whereas other studies consider only the anatomical
aspects. Establishing standard outcome-reporting
guidelines may promote the critical analysis among
published evidence in the future. Furthermore, the
patient population included in the investigation may
differ among individual studies. For instance, al-
though overall TLR appears to be the same between
DCB and PBA groups, the exclusion of Bjorkman et
al rendered the results statistically significant, favor-
ing DCB. The unique findings observed in Bjorkman
et al’s study was hypothesized to be attributed to the
enrollment of immature hemodialysis access <1 year
0ld.'%4? Because of the heterogeneity of each individ-
ual study’s baseline characteristics and variances in
clinical outcome definitions, a random model was ad-
opted in the present meta-analysis to achieve a more
conservative estimate. Moreover, the present study
included patients with both AVF and AVG. Although
subgroup analysis of AVF-only studies suggested a
favorable performance of DCB over PBA, a meta-
analysis of the AVG group was not performed as Liao
et al was the only study that demonstrated higher
TLPP (23% versus 9%) and circuit patency (14% ver-
sus 9%) rates in the DCB group.?' Thus, the results of
this present meta-analysis might be more applicable
to AVF failures. Additionally, stratification based on
balloon type and drug-coating dose was not per-
formed. In theory, a higher paclitaxel dose may be
more effective in preventing restenosis; however, this
approach is further complicated by the characteris-
tics of the stenosis burden. For multiple lesions and
patients with longer segments of occlusion, a higher
dose of paclitaxel might be delivered during angio-
plasty. As such, the true dose of coated paclitaxel
that each patient received is uncertain. Finally, the
present meta-analysis did not consider RCTs with
preliminary results presented during conferences
and unpublished in peer-reviewed journals as full and
complete articles. The exclusion of these RCTs may
undermine the power of the present meta-analysis.

CONCLUSIONS

Based on evidence from the RCTs explored in this pre-
sent study, it is evident that DCB offers a significantly
more favorable short-term outcome for patients with
hemodialysis access failure in terms of TLPP, circuit
patency, and TLR rates. Furthermore, similar mortal-
ity rates were observed between patients treated with
DCB and PBA. Future large-scale multicenter RCTs
with long-term follow-up data are warranted.

J Am Heart Assoc. 2021;10:e022060. DOI: 10.1161/JAHA.121.022060

DCB vs PBA in Treating Hemodialysis Access Failure

ARTICLE INFORMATION
Received July 30, 2021; accepted October 13, 2021.

Affiliations

School of Medicine and Health Sciences, George Washington University,
Washington, DC (C.L., B.Z.A., I.A.); Department of General Surgery, Cleveland
Clinic Florida, Weston, FL (MW., G.T.); School of Medicine, Ross University,
Bridgetown, Barbados (A.M.L.); College of Osteopathic Medicine, Kansas City
University, Kansas City, MO (Q.S.); and Division of Interventional Radiology,
Department of Radiology, University of Chicago, Chicago, IL (QY.).

Sources of Funding
None.

Disclosures
None.

Supplementary Material
Tables S1-S3
Figures S1-S4

REFERENCES

1. Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, Adebayo
OM, Afarideh M, Agarwal SK, Agudelo-Botero M, et al. Global, regional,
and national burden of chronic kidney disease, 1990-2017: a system-
atic analysis for the Global Burden of Disease Study 2017. Lancet.
2020;395:709-733. doi: 10.1016/S0140-6736(20)30045-3

2. Mickley V. Stenosis and thrombosis in haemodialysis fistulae and grafts:
the surgeon’s point of view. Nephrol Dial Transplant. 2004;19:309-311.
doi: 10.1093/ndt/gfg504

3. Ghonemy TA, Farag SE, Soliman SA, Amin EM, Zidan AA. Vascular access
complications and risk factors in hemodialysis patients: a single center
study. Alexandria J Med. 2016;52:67-71. doi: 10.1016/j.ajme.2015.04.002

4. Yap YS, Chi WC, Lin CH, Liu YC, Wu YW. Association of early failure of
arteriovenous fistula with mortality in hemodialysis patients. Sci Rep.
2021;11:5699. doi: 10.1038/541598-021-85267-6.

5. Lok CE, Huber TS, Lee T, Shenoy S, Yevzlin AS, Abreo K, Allon M, Asif
A, Astor BC, Glickman MH, et al. KDOQI clinical practice guideline for
vascular access: 2019 update. Am J Kidney Dis. 2020;75:S1-S164. doi:
10.1053/j.ajkd.2019.12.001

6. Verdoia M, Negro F, Kedhi E, Suryapranata H, Marcolongo M, De Luca
G. Benefits with drug-coated balloon as compared to a conventional re-
vascularization strategy for the treatment of coronary and non-coronary
arterial disease: a comprehensive meta-analysis of 45 randomized trials.
Vascul Pharmacol. 2021;138:106859. doi: 10.1016/j.vph.2021.106859

7. Gray WA, Granada JF. Drug-coated balloons for the prevention of vas-
cular restenosis. Circulation. 2010;121:2672-2680. doi: 10.1161/CIRCU
LATIONAHA.110.936922

8. Bjorkman P, Weselius EM, Kokkonen T, Rauta V, Alb&ack A, Venermo M.
Drug-coated versus plain balloon angioplasty in arteriovenous fistulas:
a randomized, controlled study with 1-year follow-up (the Drecorest li-
Study). Scand J Surg. 2019;108:61-66. doi: 10.1177/1457496918798206

9. Therasse E, Caty V, Gilbert P, Giroux MF, Perreault P, Bouchard L,
Oliva VL, Lespérance J, Ethier J, Ouellet G, et al. Safety and efficacy
of paclitaxel-eluting balloon angioplasty for dysfunctional hemodialysis
access: a randomized trial comparing with angioplasty alone. J Vasc
Interv Radliol. 2020;32:350-359.e2. doi: 10.1016/j.jvir.2020.10.030

10. Liao MT, Chen MK, Hsieh MY, Yeh NL, Chien KL, Lin CC, Wu CC,
Chie WC. Drug-coated balloon versus conventional balloon angio-
plasty of hemodialysis arteriovenous fistula or graft: a systematic re-
view and meta-analysis of randomized controlled trials. PLoS One.
2020;15:20231463. doi: 10.1371/journal.pone.0231463

11, Lookstein RA, Haruguchi H, Ouriel K, Weinberg |, Lei L, Cihlar S, Holden
A. Drug-coated balloons for dysfunctional dialysis arteriovenous fistu-
las. N Engl J Med. 2020;383:733-742. doi: 10.1056/NEJMoa1914617

12. Tan CW, Tan RY, Pang SC, Tng ARK, Tang TY, Da Zhuang K, Chua
JME, Tay KH, Chong TT, Tan CS. Single-center prospective pilot study
of sirolimus drug-coated balloon angioplasty in maintaining the patency
of thrombosed arteriovenous graft. J Vasc Interv Radiol. 2021;32:369—
375. doi: 10.1016/}.jvir.2020.11.010

10


https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1093/ndt/gfg504
https://doi.org/10.1016/j.ajme.2015.04.002
https://doi.org/10.1038/s41598-021-85267-6
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1016/j.vph.2021.106859
https://doi.org/10.1161/CIRCULATIONAHA.110.936922
https://doi.org/10.1161/CIRCULATIONAHA.110.936922
https://doi.org/10.1177/1457496918798206
https://doi.org/10.1016/j.jvir.2020.10.030
https://doi.org/10.1371/journal.pone.0231463
https://doi.org/10.1056/NEJMoa1914617
https://doi.org/10.1016/j.jvir.2020.11.010

Liu et al

20.

21

22.

23.

24.

25.

26.

27.

J Am Heart Assoc. 2021;10:e022060. DOI: 10.1161/JAHA.121.022060

Irani FG, Teo TK, Tay KH, Yin WH, Win HH, Gogna A, Patel A, Too
CW, Chan SX, Lo RH, et al. Hemodialysis arteriovenous fistula and graft
stenoses: randomized trial comparing drug-eluting balloon angioplasty
with conventional angioplasty. Radiology. 2018;289:238-247. doi:
10.1148/radiol.2018170806

Karmota AG. Paclitaxel coated-balloon (PCB) versus standard plain old
balloon (POB) fistuloplasty for failing dialysis access. Ann R Coll Surg
Engl. 2020;102:601-605. doi: 10.1308/rcsann.2020.0121

Katsanos K, Karnabatidis D, Kitrou P, Spiliopoulos S, Christeas N,
Siablis D. Paclitaxel-coated balloon angioplasty vs. plain balloon di-
lation for the treatment of failing dialysis access: 6-month interim re-
sults from a prospective randomized controlled trial. J Endovasc Ther.
2012;19:263-272. doi: 10.1583/11-3690.1

Kim JW, Kim JH, Byun SS, Kang JM, Shin JH. Paclitaxel-coated balloon
versus plain balloon angioplasty for dysfunctional autogenous radioce-
phalic arteriovenous fistulas: a prospective randomized controlled trial.
Korean J Radiiol. 2020;21:1239-1247. doi: 10.3348/kjr.2020.0067
Kitrou PM, Katsanos K, Spiliopoulos S, Karnabatidis D, Siablis D.
Drug-eluting versus plain balloon angioplasty for the treatment of fail-
ing dialysis access: final results and cost-effectiveness analysis from a
prospective randomized controlled trial (NCT01174472). Eur J Radiol.
2015;84:418-4283. doi: 10.1016/j.ejrad.2014.11.037

Kitrou PM, Papadimatos P, Spiliopoulos S, Katsanos K, Christeas N,
Brountzos E, Karnabatidis D. Paclitaxel-coated balloons for the treat-
ment of symptomatic central venous stenosis in dialysis access: results
from a randomized controlled trial. J Vasc Interv Radiol. 2017;28:811—
817. doi: 10.1016/j.jvir.2017.03.007

Kitrou PM, Spiliopoulos S, Katsanos K, Papachristou E, Siablis D,
Karnabatidis D. Paclitaxel-coated versus plain balloon angioplasty for
dysfunctional arteriovenous fistulae: one-year results of a prospective
randomized controlled trial. J Vasc Interv Radiol. 2015;26:348-354. doi:
10.1016/j.jvir.2014.11.003

Lai CC, Fang HC, Tseng CJ, Liu CP, Mar GY. Percutaneous angioplasty
using a paclitaxel-coated balloon improves target lesion restenosis on
inflow lesions of autogenous radiocephalic fistulas: a pilot study. J Vasc
Interv Radliol. 2014;25:535-541. doi: 10.1016/j.jvir.2013.12.014

Liao MT, Lee CP, Lin TT, Jong CB, Chen TY, Lin L, Hsieh MY, Lin MS,
Chie WC, Wu CC. A randomized controlled trial of drug-coated balloon
angioplasty in venous anastomotic stenosis of dialysis arteriovenous
grafts. J Vasc Surg. 2020;71:1994-2003. doi: 10.1016/.jvs.2019.07.090
Maleux G, Vander Minsbrugge W, Henroteaux D, Laenen A,
Cornelissen S, Claes K, Fourneau |, Verbeeck N. Multicenter, random-
ized trial of conventional balloon angioplasty versus paclitaxel-coated
balloon angioplasty for the treatment of dysfunctioning autologous di-
alysis fistulae. J Vasc Interv Radiol. 2017;29:470-475.e3. doi: 10.1016/j.
jvir.2017.10.023

Moreno-Sanchez T, Moreno-Ramirez M, Machancoses FH, Pardo-
Moreno P, Navarro-Vergara PF, Garcia-Revillo J. Efficacy of paclitaxel
balloon for hemodialysis stenosis fistulae after one year compared to
high-pressure balloons: a controlled, multicenter, randomized trial.
Cardiovasc Intervent Radiol. 2020;43:382-390. doi: 10.1007/s00270-
019-02372-w

Pang SY, Au-Yeung KC, Liu GY, Tse RO, Lai D, Leung WK, Mo KL, Tang
CN, Yih PC. Randomized controlled trial for paclitaxel-coated balloon
versus plain balloon angioplasty in dysfunctional hemodialysis vascular
access: 12-month outcome from a nonsponsored trial. Ann Vasc Surg.
2020;72:299-306. doi: 10.1016/j.avsg.2020.10.005

Roosen LJ, Karamermer Y, Vos JA, De Jong GM, Bos WJ, Elgersma OE.
Paclitaxel-coated balloons do not prevent recurrent stenosis in hemodi-
alysis access fistulae: results of a randomized clinical trial. /talian J Vasc
Endovasc Surg. 2017;24:35-40. doi: 10.23736/S1824-4777.17.01282-7
Swinnen JJ, Hitos K, Kairaitis L, Gruenewald S, Larcos G, Farlow D,
Huber D, Cassorla G, Leo C, Villalba LM, et al. Multicentre, randomised,
blinded, control trial of drug-eluting balloon vs Sham in recurrent na-
tive dialysis fistula stenoses. J Vasc Access. 2019;20:260-269. doi:
10.1177/1129729818801556

Trerotola SO, Saad TF, Roy-Chaudhury P. The Lutonix AV randomized
trial of paclitaxel-coated balloons in arteriovenous fistula stenosis: 2-
year results and subgroup analysis. J Vasc Interv Radiol. 2020;31:1-14.
e5. doi: 10.1016/j.jvir.2019.08.035

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

DCB vs PBA in Treating Hemodialysis Access Failure

Yin'Y, ShiY, Cui T, Li H, Chen J, Zhang L, Yu Z, Li H, Yan Y, Wu K, et
al. Efficacy and safety of paclitaxel-coated balloon angioplasty for dys-
functional arteriovenous fistulas: a multicenter randomized controlled
trial. Am J Kidney Dis. 2021;78:19-27.e1.

Trerotola SO, Saad TF, Roy-Chaudhury P; Investigators LACT. The
Lutonix AV randomized trial of paclitaxel-coated balloons in arterio-
venous fistula stenosis: 2-year results and subgroup analysis. J Vasc
Interv Radiol. 2020;31:1-14.e5. doi: 10.1016/j.jvir.2019.08.035

Byrne RA, Joner M, Alfonso F, Kastrati A. Drug-coated balloon therapy
in coronary and peripheral artery disease. Nat Rev Cardiol. 2014;11:13.
doi: 10.1038/nrcardio.2013.165

Axel DI, Kunert W, Géggelmann C, Oberhoff M, Herdeg C, Kuttner A,
Wild DH, Brehm BR, Riessen R, Kéveker G, et al. Paclitaxel inhibits ar-
terial smooth muscle cell proliferation and migration in vitro and in vivo
using local drug delivery. Circulation. 1997;96:636—-645. doi: 10.1161/01.
CIR.96.2.636

Herdeg C, Oberhoff M, Baumbach A, Blattner A, Axel DI, Schréder
S, Heinle H, Karsch KR. Local paclitaxel delivery for the prevention of
restenosis: biological effects and efficacy in vivo. J Am Coll Cardiol.
2000;35:1969-1976. doi: 10.1016/S0735-1097(00)00614-8
Krishnamoorthy MK, Banerjee RK, Wang Y, Zhang J, Roy AS, Khoury
SF, Arend LJ, Rudich S, Roy-Chaudhury P. Hemodynamic wall shear
stress profiles influence the magnitude and pattern of stenosis in a pig
AV fistula. Kidney Int. 2008;74:1410-1419. doi: 10.1038/ki.2008.379
Lee T, Roy-Chaudhury P. Advances and new frontiers in the patho-
physiology of venous neointimal hyperplasia and dialysis access
stenosis. Adv Chronic Kidney Dis. 2009;16:329-338. doi: 10.1053/j.
ackd.2009.06.009

Roy-Chaudhury P, Sukhatme VP, Cheung AK. Hemodialysis vascu-
lar access dysfunction: a cellular and molecular viewpoint. J Am Soc
Nephrol. 2006;17:1112-1127. doi: 10.1681/ASN.2005050615

Chen X, Liu Y, Wang J, Zhao J, Singh N, Zhang WW. A systematic re-
view and meta-analysis of the risk of death and patency after applica-
tion of paclitaxel-coated balloons in the hemodialysis access. J Vasc
Surg. 2020;72:2186-2196.€3. doi: 10.1016/j.jvs.2020.04.525

Katsanos K, Spiliopoulos S, Kitrou P, Krokidis M, Karnabatidis D.
Risk of death following application of paclitaxel-coated balloons and
stents in the femoropopliteal artery of the leg: a systematic review
and meta-analysis of randomized controlled trials. J Am Heart Assoc.
2018;7:e011245. doi: 10.1161/JAHA.118.011245

Scheinert D, Katsanos K, Zeller T, Koppensteiner R, Commeau P,
Bosiers M, Krankenberg H, Baumgartner |, Siablis D, Lammer J, et al.
A prospective randomized multicenter comparison of balloon angio-
plasty and infrapopliteal stenting with the sirolimus-eluting stent in pa-
tients with ischemic peripheral arterial disease: 1-year results from the
ACHILLES trial. J Am Coll Cardiol. 2012;60:2290-2295. doi: 10.1016/].
jacc.2012.08.989

Katsanos K, Spiliopoulos S, Diamantopoulos A, Siablis D, Karnabatidis
D, Scheinert D. Wound healing outcomes and health-related quality-
of-life changes in the ACHILLES trial: 1-year results from a prospective
randomized controlled trial of infrapopliteal balloon angioplasty versus
sirolimus-eluting stenting in patients with ischemic peripheral arte-
rial disease. JACC Cardiovasc Interv. 2016;9:2569-267. doi: 10.1016/j.
jcin.2015.10.038

Kastrati A, Mehilli J, von Beckerath N, Dibra A, Hausleiter J, Pache J,
Schihlen H, Schmitt C, Dirschinger J, Schémig A, et al. Sirolimus-
eluting stent or paclitaxel-eluting stent vs balloon angioplasty for pre-
vention of recurrences in patients with coronary in-stent restenosis: a
randomized controlled trial. JAMA. 2005;293:165-171. doi: 10.1001/
jama.293.2.165

Morice MC, Colombo A, Meier B, Serruys P, Tamburino C, Guagliumi
G, Sousa E, Stoll HP; Investigators RT. Sirolimus-vs paclitaxel-eluting
stents in de novo coronary artery lesions: the REALITY trial: a ran-
domized controlled trial. JAMA. 2006;295:895-904. doi: 10.1001/
jama.295.8.895

Lazarides MK, Christaina E, Antoniou GA, Argyriou C, Trypsianis
G, Georgiadis GS. Plain versus paclitaxel-coated balloon angio-
plasty in arteriovenous fistula and graft stenosis: an umbrella review.
J Vasc Access. 2021:11297298211005290. online ahead of print. doi:
10.1177/11297298211005290

11


https://doi.org/10.1148/radiol.2018170806
https://doi.org/10.1308/rcsann.2020.0121
https://doi.org/10.1583/11-3690.1
https://doi.org/10.3348/kjr.2020.0067
https://doi.org/10.1016/j.ejrad.2014.11.037
https://doi.org/10.1016/j.jvir.2017.03.007
https://doi.org/10.1016/j.jvir.2014.11.003
https://doi.org/10.1016/j.jvir.2013.12.014
https://doi.org/10.1016/j.jvs.2019.07.090
https://doi.org/10.1016/j.jvir.2017.10.023
https://doi.org/10.1016/j.jvir.2017.10.023
https://doi.org/10.1007/s00270-019-02372-w
https://doi.org/10.1007/s00270-019-02372-w
https://doi.org/10.1016/j.avsg.2020.10.005
https://doi.org/10.23736/S1824-4777.17.01282-7
https://doi.org/10.1177/1129729818801556
https://doi.org/10.1016/j.jvir.2019.08.035
https://doi.org/10.1016/j.jvir.2019.08.035
https://doi.org/10.1038/nrcardio.2013.165
https://doi.org/10.1161/01.CIR.96.2.636
https://doi.org/10.1161/01.CIR.96.2.636
https://doi.org/10.1016/S0735-1097(00)00614-8
https://doi.org/10.1038/ki.2008.379
https://doi.org/10.1053/j.ackd.2009.06.009
https://doi.org/10.1053/j.ackd.2009.06.009
https://doi.org/10.1681/ASN.2005050615
https://doi.org/10.1016/j.jvs.2020.04.525
https://doi.org/10.1161/JAHA.118.011245
https://doi.org/10.1016/j.jacc.2012.08.989
https://doi.org/10.1016/j.jacc.2012.08.989
https://doi.org/10.1016/j.jcin.2015.10.038
https://doi.org/10.1016/j.jcin.2015.10.038
https://doi.org/10.1001/jama.293.2.165
https://doi.org/10.1001/jama.293.2.165
https://doi.org/10.1001/jama.295.8.895
https://doi.org/10.1001/jama.295.8.895
https://doi.org/10.1177/11297298211005290

SUPPLEMENTAL MATERIAL



Table S1. Quality Assessment.

Study Random Allocation Blinding of Blinding of Incomplete Selective Other Bias
Sequence Concealment | Participants Outcome Outcome Data | Reporting
Generation and Personnel | Assessment
Yin 202128 + + + + + + +
Lookstein 20201t | + - + - + + +
Kim 202016 + - + - + + +
Pang 20202 + + + + + + n
Karmota 20204 - ? + ? + + +
Moreno-Sanchez | + ? + ? + + +
20202
Trerotola 20207 | + + + + + + +
Liao 2020%° + + + + + + +
Swinnen 2019% + + + + + + +
Bjoérkman 20198 + + + + + + +
Irani 2018 + - - - + + +
Maleux 201722 + - - + + + +
Kitrou 2017 + + + + + +
JVIR
Kitrou 2015 + - + - + + +
EJR/Katsanos
2015 JET!5 17
Kitrou 2015 + - - - + + +
JVIRY
Lai 20142 - 2 ) 5 " " "
Roosen 20172 + - + - + + +
Therasse 2020° + - + - + + +




Table S2. Dialysis access patency surveillance methods and definitions of clinical outcomes of each individual study.

Study

Yin 202128

Lookstein 20201

Kim 202016

Pang 2020%*

Karmota 20204

Moreno-Sanchez
20202

Trerotola 202027

Liao 202010

Swinnen 2019%

Patency
method
Doppler ultrasound at

regular intervals. Clinically

otherwise.

Duplex ultrasound at

regular intervals. Clinically

and angiogram as needed
otherwise.

Clinical, ultrasound,
angiogram

Duplex ultrasound at
regular intervals. Clinical,
angiogram.

Clinical, ultrasound,
angiogram

Clinical, angiogram

Clinical, angiogram

Clinical, ultrasound,
angiogram

Scheduled ultrasound.
Clinically driven
otherwise.

evaluation

Target Lesion Patency

Doppler peak systolic velocity ratio <2.0 at target lesion
without intervention.

Freedom from clinically driven target-lesion
revascularization or access-circuit thrombosis measured
during the 6 months after the index procedure

NA

Functional dialysis access with <50% restenosis and
without any repeat interventional procedures at target
lesions

Lack of significant binary re-stenosis greater than 50%
needing further intervention at the target lesion or within
5mm distal or proximal to target lesion

Stenosis < 50% or vein diameter > 2 mm at target lesions
without clinical failure.

Society of Interventional Radiology Guideline

<50% restenosis without correlated clinical evidence of
graft dysfunction requiring re-intervention (ie, abnormal
physical examination findings suggesting vascular access
dysfunction; reduction in flow rate of >25% from baseline
or total access blood flow rate of <600 mL/min by
transonic examination; and increased dynamic venous
pressure during dialysis exceeding the threshold level on
three consecutive measurements.

NA

Target Lesion Revascularization

Any reintervention in the target lesion (+/-
5 mm proximal or distal to the target
lesion determined by ultrasound due to
clinical indicators with potential stenosis

Target-lesion revascularization if the
target lesion either had stenosis of at least
50% of the diameter of the vessel (per
angiographic core laboratory assessment)
in the presence of clinical or physiological
abnormalities that indicated dialysis
access dysfunction or had at least 70%
stenosis in the absence of abnormalities
that indicated dysfunction

Functional dialysis circuit with no clinical
need for repeat intervention at the target
lesion.

NA

NA

NA

NA

NA

Absence of any repeat intervention in the
target lesion during the follow-up period

Circuit patency

The lack of any reintervention in
the shunt determined by
ultrasound due to clinical
indicators with potential stenosis

Access-circuit thrombosis

NA

Significant binary re-stenosis
greater than 50% needing further
intervention at the target lesion
or within 5mm distal or
proximal to target lesion

NA

Society of Interventional
Radiology Guideline

No need for intervention of the
entire dialysis access

NA



Bjorkman 20198

Irani 201813

Maleux 201722

Kitrou 2017
JVIR8

Kitrou 2015
EJR/Katsanos
2015 JET® 17

Kitrou 2015
JVIRY

Lai 2014%

Roosen 2017%

Therasse 2020°

Ultrasound at scheduled

intervals. Clinically driven

otherwise.

Scheduled angiogram

Clinical

Clinically driven ,
angiogram

Clinically driven,
angiogram

Clinically driven,

angiogram

Clinical, Angiogram

Scheduled ultrasound

Clinical, scheduled
angiogram

NA: not available.

<50% stenosis and absence of any repeat intervention in
the target lesion

NA

< 30% residual diameter stenosis by visual estimation or
decrease of collateral vessels

<50% angiographic restenosis with no need for any
additional percutaneous or surgical procedure within the
previously treated area.

NA

Target lesion with a lumen reduction of < 50% without the
need of another percutaneous intervention for a lumen
reduction>50%

NA

<50% restenosis along target lesions

Revascularization due to the same lesions

NA

NA

Functional dialysis circuit with no need
for clinically driven target lesion repeat
intervention

Lack of re-intervention (surgical or
percutaneous) due to restenosis

A functional dialysis circuit with no need
for clinically driven target lesion repeat
intervention

.NA

Revascularization due to target lesion

NA

NA

No need of access intervention
anywhere in the dialysis circuit

A patent fistula allowing
continued successful and
efficient dialysis sessions
without the need for repeat
endovascular and/or surgical
revision

Patent circuit allowing adequate
dialysis without any additional
revascularization procedures at
any site within the circuit.
dialysis access thrombosis

A patent circuit allowing
adequate dialysis without any
additional revascularization
procedures at any site within the
circuit

NA

NA

The lack of thrombosis,
reintervention including creation
of a new dialysis access, or
placement of dialysis catheter



Table S3. Subgroup analysis of patients with arteriovenous fistula.

Variables Rate Odds 95% P Heterogeneity
Ratio Confidence value
Interval
Target Lesion Primary Patency
6-month DCB: 338/439 (77.0%) 2.942 (1.77-4.89) <0.001 0.527
PBA: 258/458 (56.3%)
12-month DCB: 152/290 (52.4%) 240 (1.27,4.53) 0.007 0.592

PBA: 116/308 (37.7%)

Target Lesion Revascularization

6-month DCB: 86/352 (24.4%)  0.61 (0.27-1.37) 0.232 0.745
PBA: 133/339 (39.2%)
12-month DCB: 94/191 (49.2%)  1.05 (0.37,3.00) 0.922 0.774

PBA 100/189 (52.9%)

Circuit Patency

6-month DCB: 288/438 (67.3%) 1.84 (1.13,2.99) 0.014 0.509
PBA: 228/435 (52.4%)

12-month DCB: 111/259 (42.9%) 1.56 (1.04,2.35) 0.032 0
PBA 90/264 (34.1%)

Mortality

6-month DCB: 12/254 (4.7%) 0.95 (0.18,4.95) 0.95 0.574
PBA: 10/239 (4.2%)

12-month DCB: 23/327 (7.0%) 0.87 (0.48-1.59) 0.65 0

PBA 26/318 (8.2%)

DCB: drug-coated balloon angioplasty. PBA: plain-balloon angioplasty.



Figure S1. Funnel plots. Targe Lesion Primary Patency (A: 6-month, B: 12-month). Target
Lesion Revascularization (A: 6-month, B: 12-month). Circuit Patency (A: 6-month, B: 12-
month). Mortality (A: 6-month, B: 12-month).
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Figure S2: A) Sensitivity analysis of target lesion revascularization rate at 12-month. Individual odds ratio (OR) indicates the pooled
outcome after removing one study at a time. B) target-lesion revascularization rate (TLRR) at 12-month excluding the study
performed by Bjorkman et al. DCB: drug-coated balloon angioplasty. PBA: plain balloon angioplasty.

Sensitivity Analysis TLRR at 12-month Excluding Bjorkman et al.
Study Sludy Cwents, Cwonls, %
D OR (95% Ci) n OR (95% CI) ncn PRA Weight
12-month
Yin 20217 0.78(0.25, 2.41)
Kim 2020 —— 1.08(0.29,14.01) 1320 1218 10.8%
. 26
Swinnen 2019 081 (0.28, 238) Kitions 2015 EJRKatsanos, 2015 JET QO8O0 071) 1220 1920 384
Bjorkman 2019° —— 0.53(0.35, 0.82) Kitro 2018 IR —_— 041009, 189) 1420 120
Kitrou 2017 JVIR™® —_— 0.76 (0.30, 1.95) Kilto 2017 JWIR™ U S DSO(D0A 401) 1818 1A20 508
Kitrou 2015 EJR/Katsanos 2015 JET'® 17 — 0.91(0.39,2.12) Reasen 20172 + OEIO0LE5N 1WHE 56 247
Swiren 2019%° e z 1549 0
Kitrow 2015 JVIR™® _—t 0.81(0.31,2.10) Soiren 20 048(D21,100) S5 3540 27.00
¥in 20212 —_— 059030, 1.14) 21008 3283 60
Roosen 2017 % —_— 0.76 (0.31, 1.90)
Subtotal (squared = 00%, p=0635) <> 053(0 135 082) 122/230 148727 10000
Kim 20207 ———— 0.70 (0.26, 1.86)

NOTE: Weights are from random effects analysis

A -I‘I (‘] 1 é :Ii B :-Jlrm PBA ' DCB 1:4



Figure S3. Target lesion revascularization rate at 6-month and 12-month after removing Bjorkman et al. DCB: drug-coated
balloon angioplasty. PBA: plain balloon angioplasty.

Target Lesion Revascularization

Study Events, Events, %
D OR (95% CI) oce eBA Weight
6-month

Kim 2020'° 4~ 1.13(0.14,8.04) 18120 16/18 452
Kitrou 2015 JVIR'® <+ 0.36 (0.10. 1.29) 720 12120 1063
Lookstein 2020" —_—— 0.20 (0.17.0.51) 251153 50/148 070
Swinnen 2010% ——— 0.25(0.11.0.58) 11/63 24/52 2167
Yin 20212 —_— 0.71(0.31, 1.50) 12178 17/83 23.00

Subtotal (-squared = 21.2%, p = 0.280) <> 0.38 (0.24, 0.50) 731334 128/321  100.00

12-month

Kim 2020'® > 1.08 (020, 4.01) 13120 12119 1231
Kitrou 2015 JVIR'® g 0.41(0.09, 1.95) 14120 17120 871
Swinnen 20102 —_— 0.48 (0.21.1.08) 30/55 2542 3167
Yin 202128 —_—— 0.50 (0.20, 1.14) 21/78 32183 47.31

Subtotal (I-squared = 0.0%, p = 0.737) <> 0.58 (0.36,0.01) 781173 081171 100.00

NOTE: Weights are from random effects analysis
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Figure S4. Outcomes beyond 1-year follow-up. CP: circuit patency. TLPP: target lesion primary patency. TLR: target lesion

revascularization.
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